Evidence suggests that lipid membrane interactions with rare, broadly neutralizing antibodies (NAbs), 2F5 and 4E10, play a critical role in HIV-1 neutralization. The objective of this research is to understand how lipid membrane properties, such as lipid domain organization contribute to 2F5/4E10 membrane interactions and antigen localization at the membrane interface, with the ultimate vision of guiding immunogen designs. Recent immunization studies have shown that induction of antibodies that avidly bind the gp41-MPER antigen is not sufficient for neutralization. Rather, it is required that antigen designs induce polyreactive antibodies that recognize MPER antigens as well as the viral lipid membrane. However, the mechanistic details of how membrane properties influence NAb-lipid and NAb-antigen interactions remain unknown. Furthermore, it is well established that the native viral membrane is heterogeneous, representing a mosaic of lipid rafts and protein clustering. However, the size, physical properties, and dynamics of these regions are poorly characterized and their potential roles in HIV-1 neutralization are also unknown. Methods: To understand how membrane properties contribute to 2F5/4E10 membrane interactions, we have engineered biomimetic supported lipid bilayers (SLBs) and are able to use atomic force microscopy to visualize membrane domains, antigen clustering, and antibody-membrane interactions. Our results showed that lipid domains were easily observed for simple binary membrane constructs and for complex, biomimetic HIV-1 model membranes. Localized binding of HIV-1 antigens (MPER656) and NAbs were observed to interact preferentially with the most fluid membrane domain. This supports the theory that NAbs may interact with regions of low lateral lipid forces that allow antibody insertion into the bilayer. NAbs were also observed to cluster at the edge of certain domain interfaces suggesting NAbs affinity for high interfacial energy regions of the lipid membrane.
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Imaging Fluorescence Correlation Spectroscopy Characterizes Membrane Dynamics and Organization Nirmalya Bag. National University of Singapore, Singapore, Singapore. Imaging Total Internal Reflection Fluorescence Correlation Spectroscopy (ITIR-FCS), a camera based FCS approach, characterizes membrane dynamics by measuring the diffusion coefficient at every point on a membrane patch and accesses membrane organization by using the so-called DCCF approach in which the cross-correlation of neighboring pixels is used to characterize membrane heterogeneity. Here we discuss the various technical aspects of ITIR-FCS and DCCF and the influence of time resolution, measurement length, and laser power on the reliability of the results. We show that ITIR-FCS can unambiguously determine the point spread function of a system and that this measurement is essential to obtain proper absolute values for diffusion coefficients and concentrations. We apply ITIR-FCS first to a range of supported lipid bilayers with increasing complexity from single lipid bilayers to binary and ternary mixtures consisting of different phospholipids, sphingomyelin, and cholesterol. ITIR-FCS yields very consistent diffusion coefficients over dozens of bilayer preparations. We complement this bottom-up approach, whereby the complexity of an artificial membrane is increased step-by-step to approach the complexity of the cellular plasma membrane, by a top-down approach in which we characterize live cell membranes in their natural state and altered in composition by a range of biochemical approaches. Since a single ITIR-FCS measurement can be binned per software after the recording, it is ideal for testing the FCS diffusion laws, which determine the dependence of the diffusion coefficient on the size of the observation area, and to demonstrate the existence of lipid domains in ternary lipid mixtures and cell membranes. Gram-negative bacteria possess an asymmetric outer membrane in which the inner leaflet is composed primarily of phospholipids, while the outer leaflet contains mainly lipopolysaccharide (LPS). LPS forms a structural barrier that protects Gram-negative bacteria from antibiotics and other environmental stressors. LPS is anchored to the outer membrane by lipid A, a unique glucosamine-based saccharolipid. Lipid A biosynthesis is required for bacterial viability and pathogenesis. While most lipid A biosynthetic genes are present in a single copy, one gene, lpxH, encoding a membrane-associated specific UDP-diacylglucosamine hydrolase, is absent in~30% of Gramnegative bacteria. We hypothesized that a transformational analogue of lpxH must exist in these organisms. We identified this gene, designated lpxI, in Caulobacter crescentus, and confirmed its ability to cover for a deficiency of lpxH in Eschserichia coli. LpxI lacks homology to any other known enzyme. We over-expressed LpxI, purified it, and obtained protein crystals. We solved the X-ray crystal structure of this peripheral membrane enzyme using a single-wavelength anomalous dispersion (SAD) dataset collected on Se-Met derivatized protein. The structural data reveal two domains, each having a novel fold. Unexpectedly, ''apo'' LpxI co-purified and co-crystallized stoichiometrically with its product, diacylglucosamine-1-phosphate (lipid X), the saccharolipid precursor of lipid A. We then identified and determined the 2.5 Å X-ray crystal structure of an inactive point mutant of Caulobacter crescentus LpxI, which co-purified in a stoichiometric ratio with its substrate, UDP-2,3-diacyglucosamine. The conformation of substrate-liganded LpxI differs significantly from the product -liganded wild-type enzyme. Taken together with analytical unltracentrifugation data, this observation suggests that large-scale domain re-arrangement occurs during LpxI substrate binding and/or catalysis. These data provide an interesting example of lipid-protein interaction, and set the stage for additional structural and mechanistic work.
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The C-Terminal Di-Arginine Motif of Cdc42 is Essential for Binding to Phosphatidylinositol 4,5 Bisphosphate-Containing Membranes and Inducing Cellular Transformation Jon Erickson. Cornell University, Ithaca, NY, USA. The Rho family of GTPases regulates a diverse range of processes that are dependent on the proper cellular localization of their constituent signaling proteins. The membrane localization of these GTPases is due in large part to the geranylgeranyl moiety located at their carboxyl-terminal end. In addition, most of the Rho family members contain a cluster of positive-charged residues (i.e. a 'polybasic domain'), directly preceding their geranylgeranyl moiety, and it has been suggested that this domain serves to fine-tune their localization among different cellular membranes. Here, we have taken a closer look at the role of the polybasic domain of Cdc42 in its ability to bind to membranes and to induce the transformation of fibroblasts. A FRET assay for the binding of Cdc42 to liposomes of defined composition showed that Cdc42 associates more strongly with liposomes containing phosphatidylinositol 4,5 bisphosphate (PIP2), compared either to uncharged control membranes or liposomes containing a charge-equivalent amount of phosphatidylserine (PS). The carboxyl-terminal di-arginine motif (Arg186 and Arg187) was shown to play an essential role in the binding of Cdc42 to PIP2-containing membranes. We further showed that substitutions for the di-arginine motif, when introduced within a constitutively active ('fast-cycling') Cdc42(F28L) background, had little effect on the ability of the activated Cdc42 mutant to induce microspikes/filopodia in NIH 3T3 cells, whereas they eliminated the ability of Cdc42 to transform fibroblasts. Taken together, these findings suggest that the di-arginine motif within the carboxyl-terminus of Cdc42 is necessary for this GTPase to bind at membrane sites containing PIP2, where it can initiate signaling activities that are essential for the oncogenic transformation of cells. A number of critical cell functions including apoptosis are regulated by the sphingomyelin-ceramide pathway, a ubiquitous signal transduction system that has been evolutionarily conserved. Several different sphingomyelinases can hydrolyze sphingomyelin to generate ceramide in distinct intracellular compartments; however, the specific functions of these dynamic ceramide sub-populations are not completely understood. Ceramide has also attracted Monday, February 27, 2012 303a 
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